INTRODUCTION
The International Thermonuclear Experimental Reactor (ITER) conceptual design activities consist of two phases: a definition phase, completed in September 1988, and a design phase, now in progress. The definition phase was successful in identifying a consistent set of technical characteristics and the broad definition of the required reactor configuration and hardware. Scheduled for completion in November 1990, the design phase is producing a more detailed definition of the required components, a first cost estimate, and a description of site requirements.
A major activity in the ITER design phase is the period of joint work conducted at the Max Planck Institute for Plasma Physics, Garching, Federal Republic of Germany, from June through October 1989. An official report of the findings and conclusions of this activity will be submitted to and published by the International Atomic Energy Agency (IAEA). This paper highlights the evolution of the reactor mechanical configuration since the conclusion of the definition phase.
GENERAL ARRANGEMENT
The ITER configuration has evolved in response to two principal influences: basic parameter adjustments to ease major technical difficulties and more in-depth studies of design concepts included in the initial configuration. The revised parameters, summarised in Table I, are required to increase the inductive operational capacity, increase the shield thickness in the divertor region, increase the distance between the null point and the strike point on the divertor, and allocate the same inboard shield/blanket thickness for both the physics and technology phases. To minimize machine sise, and consequently cost, it was desired to accommodate the revised parameters without increasing the radius to the outer poloidal field (PF) or toroidal field (TF) coils. These requirements have been incorporated into the design concept, resulting in a revised baseline ITER configuration. The resulting general arrangement of the ITER configuration is shown in Fig. 1 . The main interior reactor components are contained within an assembly 13.7 m in radius and approximately 25 m high. A cross section at the midplane is shown in Fig. 2 , and a typical elevation is shown in Fig. 3 .
A double vacuum vessel arrangement, combined at the access ports, is used. The outer cylindrical vessel, constructed of rib-reinforced stainless steel plate, provides both a vacuum environment for the included cryogenic coils and secondary confinement for tritium located within the primary vacuum region. The interior toroidal vessel provides the vacuum quality needed for successful plasma operation, forms the primary tritium boundary, and serves as the mechanical/structural support for the included nuclear components. At each of the 16 reactor toroidal sections, 4 large ducts connect the two vessels. The upper duct is used for the installation of and service routing to the included nuclear components. The centerline ports provide access to the plasma for the required auxiliary heating, diagnostic, and maintenance equipment. The lower vertical port provides service routing to the lower portion of the included components and acts as the interface to the vacuum pumping duct, the fourth port, which extends horizontally off the lower port in Fig. 3 . As shown in Fig. 4 , the components inside the vacuum vessel are configured into modules for insertion. Each toroidal sector is an assembly of inboard shield/blanket modules, outboard modules, additional local shield pieces, and upper and lower divertor assemblies. A breeding blanket is included on all the inboard and outboard modules and is backed with enough additional shielding to provide radiation protection to the T F coils. The first wall structure is also included in the module assembly. Passive stability loops are in-
Exploded view of components inside vacuum corporated into the outboard modules. Independently removable divertor modules are mounted to the top and bottom of the inboard shield modules after they are installed. A principal feature of the revised configuration is that it maintains a fixed blanket/shield geometry for both the physics and the technology operational phases, meaning that modules will be removed only for maintenance following failures.
The magnetic configuration consists of 16 TF coils, a central solenoid (CS), and three sets of up-down symmetrical P F coils. All of these coils are superconducting. For ease of maintenance, all P F coils are located outside the T F coils: one pair in the inboard knuckle region and two pairs in a vertical stack outboard of the T F coil outer legs. Additional saddle loop resistive coils are used to provide active control of plasma stability; they are located within the vacuum vessel.
VACUUM VESSEL DESIGN
The vacuum vessel design must simultaneously satisfy three main criteria. (1) It must provide a pressure boundary suitable for generating the plasma and containing tritium. (2) It must be strong enough to support the electromagnetically induced loads on the contained components during plasma disruption. (3) It should have a toroidal loop electrical resistance of ~2 0 /Al. Additionally, the vacuum vessel should be designed as a lifetime component. This requirement dictates that all structural welds be located behind a minimum of 50 cm of shielding so that the stainless steel structural material can be rewelded if an adjacent vacuum vessel sector must be replaced.
The general vacuum vessel topology, with two possible cross sections, is shown in Fig. 5 . In both concepts, two concentric stainless steel plates ~1 cm thick provide a double (i.e. , redundant) pressure/vacuum boundary as well as the required toroidal resistance. Because of the shielding constraint, 30 cm is available for the vacuum vessel wall structural envelope. Figure 6 shows the possible loads imposed on the vacuum vessel from the interior components during plasma disruptions. These loads are due to interactions of the eddy currents developed in the blanket/shield and divertor modules with the magnetic fields. For the inboard segments, a force of up to 20 MN has been calculated for each module quadrant. The vacuum vessel concept in Fig. 5(b) has been chosen as the reference design because it has the potential of reacting the maximum load. In this concept, the concentric wall plates are backed up by thick sections bolted together to form a poloidally continuous load-bearing structure. The toroidal electrical resistance is maintained by placing insulating material between adjacent sections, which are joined by bolting.
A continuing effort is directed toward identifying methods of reducing the point loads transferred to the vacuum vessel. More sophisticated computer methods are being developed for calculating the loads, with the potential of calculating reduced loads, and engineering Loads imposed on vacuum vessel at plasma designs are being developed to compensate for the loads either within a given module or between adjacent modules. If these efforts are successful, then the vacuum vessel design in Fig. 5 (c) will be adopted. This concept, which should be much simpler to fabricate, uses the double-plate wall for the entire vacuum vessel structure. The walls are locally reinforced at selected hard points that react the local forces.
COIL DESIGN
The magnet systems for the present reference design have been rescoped by using the detailed analyses of the previous reference as a point of departure and by addressing critical scaling issues with careful hand calculations. The resulting design should stand up to the scrutiny of more detailed analyses in the coming months. Figure 7 shows the TF and P F magnets as now conceived. A structural case is shown for the T F coils, but only the envelopes of the windings are shown for the PF coils, which nevertheless contain most of their structure distributed in the windings. The structures for interconnection and attachment of the PF coils to the TF systems are being designed. The stored energy of the present T F system is less than 40 GJ, compared with 43 GJ in the previous system. The reduction results from moving the inboard legs of the TF coils radially outward by about 0.15 m while keeping the radial distribution of the toroidal field approximately the same (4.85 T at 6.0 m in the new design, vs 5.0 T at 5.8 m in the old design), removing a large volume of high field. The maximum field at the windings of the T F coils has been reduced from almost 12 T to just over 11 T. The increase in volume in the vertical direction has less effect because the field there is lower than the field near the inboard leg. In-plane loading of the present TF coil is also slightly lower for similar reasons. Out-of-plane loads are reduced because the plasma has been moved outward while the equilibrium field coils have been kept in their previous location; less current is required from these coils, so the out-of-plane loads on the TF coils are reduced, and the new elongated shape is not so troublesome.
Of the PF coils, only the CS is truly constraining, and there the primary consideration is an assessment of fatigue in the distributed structure of the windings vs the desired number and character of operating cycles. The CS design has been optimized for maximum flux production and prebias while simultaneously limiting hoop tension in the windings consistent with the desired fatigue life and providing adequate margins in the superconductor. At end of burn, another constraint applies to the CS design: protection of the coil in the event of a quench. Although the field at the windings is lower, 12.5 T vs 13.5 T at prebias, the current is higher. To achieve the required volt-seconds (approximately 330 V.s in the present design), the windings of the CS must be graded by providing additional cowound structure in the inner turns and reducing the amount of structure in the outer turns. For the divertor solenoid, the design takes account of the maximum field attainable in any scenario, which is expected to be about 8.5 T . In the outer P F coils, the maximum field should never exceed the range from 5 to 5.5 T.
HEATING AND CURRENT DRIVE SYSTEM
A reference system has been selected for ITER: 20 MW of electron cyclotron (EC) heating at 140 GHz, 45 MW of lower hybrid (LH) heating at 5 to 6 GHz, and 75 MW of neutral beam (NB) heating at 1.3 MeV. The EC system will be used to initiate the plasma and provide specialized plasma profile control; the LH system, to do ramp-up assists and to drive current in the outer edge of the plasma; and the neutral beams, to heat and drive current in the core of the plasma.
Both EC and IC power are being considered as alternatives to neutral beams for current drive in the plasma core. Two supplementary systems that would augment the reference systems are also being considered: a 20-MW, 180-to 200-GHz EC system to heat and drive current in the plasma core and a 25-MW, 110-to 150-GHz IC system for heating the plasma core and doing current profile control. Concepts will be developed for the alternative and supplementary systems and evaluated in the context of the ITER design.
The reference system was selected on the basis of an adequate physics data base, current drive efficiency, and current profile control capability. The system is summarized in Table 11 , and the physical arrangement of the systems around the tokamak is shown in Fig. 8 . Each of the three NB systems shown incorporates three beam lines, stacked vertically, so that there is a total of nine individual beams. 
